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DETAILED ACTION 

Status of the Claims 

1. Claims 1-80 are pending. 

Claims 5, 28, 40-63, and 72-80 are withdrawn 
Claims 1-4, 6-27, 29-39, and 64-71 are rejected. 

Claim Rejections - 35 USC § 112 

2. The rejection of claims 23 and 24 under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention in the Office action mailed 03 June 2008 is withdrawn in view 
of the amendment filed 07 October 2008. 

3. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

4. Claims 30-38 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with 
the written description requirement. The claim(s) contains subject matter which was not 
described in the specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor(s), at the time the application was filed, had possession of the claimed 
invention. The claims recite a storage device comprising a coherent sequence of binary data. 
The specification at the time of filing does not describe "coherent" sequences. 

5. Claims 1-4, 6-27, 29, 33, 35-37, 39, and 64-71 are rejected under 35 U.S.C. 1 12, first 
paragraph, as failing to comply with the enablement requirement. The claim(s) contains subject 
matter which was not described in the specification in such a way as to enable one skilled in the 
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art to which it pertains, or with which it is most nearly connected, to make and/or use the 
invention. 

In In re Wands (8 USPQ2d 1400 (CAFC 1988)) the CAFC considered the issue of 
enablement in molecular biology. The CAFC summarized eight factors to be considered in a 
determination of "undue experimentation." These factors include: (a) the quantity of 
experimentation necessary; (b) the amount of direction or guidance presented; (c) the presence or 
absence of working examples; (d) the nature of the invention; (e) the state of the prior art; (f) the 
relative skill of those in the art; (g) the predictability of the art; and (h) the breadth of the claims. 

In considering the factors for the instant claims: 

a) In order to practice the claimed invention one of skill in the art must transport 
individual molecules of DNA to desired locations, add desired nucleotide sequences or other 
spatially define markers to the molecule, and determine the sequence of an individual DNA 
molecule as part of a process of storing and reading data. For the reasons discussed below, there 
would be an unpredictable amount of experimentation required to make and use the claimed 
invention. 

b) The specification presents guidance to utilize microfluidic devices and electrophoretic 
devices to move DNA molecules without providing guidance to be able to determine where an 
individual molecule is with the precision required to execute memory write and read operations 
on an individual molecule. The specification does not provide specific guidance regarding how 
data is to be processed for encoding into the sequences of DNA molecules, nor does the 
specification provide guidance regarding how DNA sequences of individual molecules are to be 
processed to regenerate stored data. The specification provides guidance to synthesize individual 
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molecules to comprise a desired sequence on pages 19-33, and to use single bases or pairs of 
bases to encode binary data on page 10 and figures 8 A and 8B. Write mechanism 1 requires in 
situ chemical synthesis. In situ synthesis is a time consuming and complicated procedure and the 
specification does not show how such a procedure is compatible with a read-write memory 
storage apparatus that functions with a practical time period. Write mechanism 2 requires that 
individual nucleotides are added to a chamber containing the growing chain and a polymerase, 
but the specification does not address how to prevent errors due to inlet of more than one 
nucleotide, or how a polymerase incorporates a single substrate molecule with perfect efficiency 
even though enzymes generally require minimum concentrations of substrates to function. Write 
mechanisms 3-5 require modification of individual DNA molecules or other polymers at precise 
positions, but the specification does not provide specific guidance for locating modifications at 
precise positions in an individual molecule. Read mechanisms 1 and 2 require use of a nanopore 
or atomic force microscopy without providing specific guidance as to the nanopore or the 
parameters that can be measured to sequence through a nanopore or atomic force device, the 
specification provides guidance to use optical tweezers to move individual molecules form one 
part of the apparatus to another. 

c) The specification does not provide working examples of any embodiment of the 
claimed invention. 

d) The nature of the invention, synthesis of sequences or markings on individual 
molecules and subsequent determination of sequence or other features on individual molecules, 
is complex. 



Application/Control Number: 10/600,935 Page 5 

Art Unit: 1631 

e) Rhee et al, published 4 years after the effective filing date of the instant application, 
shows that nanopore sequencing is a promising idea that has not yet been reduced to practice. 
Among the practical problems to nanopore sequencing that Rhee et al. notes are that alpha- 
hemolysin pores and other nanopores used allow for discrimination of some sized of single 
stranded DNA, but do not allow for sequencing. McCauley et al. reviews the use of optical 
tweezers to manipulate DNA. McCauley et al. shows in figure 1 that optical tweezers have been 
used to stretch DNA molecules to which beads have been attached to measure physical 
parameters of DNA molecules. McCauley et al. further details experiments using DNA bound to 
protein molecules that are manipulated by optical tweezers. McCauley et al. does not show use 
of optical tweezers to transport DNA within a device. 

f) The skill of those in the art of molecular biology is high. 

g) Because the claimed subject matter is drawn to aspects of manipulation of individual 
molecules that are not shown in the prior art, the predictability of the claimed subject matter is 
poor. 

h) The claims are broad in that they encompass subject matter not detailed sufficiently in 
the specification or the prior art to avoid undue experimentation. 

The skilled practitioner would first turn to the specification for guidance in practicing the 
claimed subject matter, however the specification does not provide working examples or 
sufficiently detailed guidance to manipulate individual molecules as required by the claimed 
subject matter. As such, the skilled practitioner would turn to the prior art for the guidance that is 
missing from the specification. However the prior art does not show methods of manipulation of 
individual molecules as in the claimed subject matter. Finally said practitioner would turn to trial 
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and error experimentation to practice the claimed subject matter. Such represents undue 
experimentation. 

6. Applicant's arguments filed 07 October 2008 have been fully considered but they are not 
persuasive. 

The applicants state that the Office has misconstrued the claimed subject matter, but the 
applicants do not point to limitations of the claimed subject matter that are inconsistent with the 
description of the claimed subject matter in the rejection detailed above. The applicants state that 
In re Wands dealt with cells rather than the claimed subject matter, however the Wands factors 
are used for assessment of enablement for all categories of claimed subject matter, see MPEP 
2164.01(a). The applicants state that although the in situ synthesis of write mechanism 1 is slow, 
the amount of time required to use the claimed device is irrelevant, however it is relevant to 
consider the degree of difficulty and amount of experimentation required as a factor when 
assessing whether using the claimed device would require undue experimentation. Write 
mechanism 2 allows for errors. The applicants argue that error correction of such errors is taught 
in the specification, however the specification does not describe what level of errors would be 
present if write mechanism 2 were used, or if the level of errors present would make error 
correction mechanisms impractical. The specification does not provide a working example to 
assess the practicality of the prophetic write mechanism 2. The applicants state without evidence 
that a tether would allow an enzyme to function at low base concentration. Since the 
specification does not show that write mechanism 2 is a practical method because the 
specification lacks any working examples, the applicants arguments are not persuasive in the 
absence of evidence that the prophetic mechanisms described in the specification are practical. 



Application/Control Number: 10/600,935 Page 7 

Art Unit: 1631 

The concerns discussed in the above rejection are based on well known requirements for 
enzymes to require a minimal concentration of substrates before the enzymes can catalyze their 
specific reaction. The applicants state without evidence that write mechanisms 3-5 could operate 
by manipulation and positioning of individual molecules at precise positions. The guidance given 
in the specification to perform such manipulation is to use optical tweezers, however it is not 
apparent from the specification or the prior art (see McCauley et all noted in the above rejection) 
how optical tweezers could be used to manipulate individual molecules to particular locations. 
Such manipulation is required to use the claimed devices. Regarding the ability of nanopores to 
determine the sequence of a polynucleotide, the applicants agree that Rhee et al. (noted in the 
above rejection) shows that single base discrimination is not possible with alpha hemolysin 
nanopores. The applicants state that multiple bases may be used but do not point to guidance in 
the specification to use more than 2 bases per datum, and do not show provide evidence that 
alpha hemolysin nanopores can resolve two base units. The applicants state that the specification 
provides guidance to make nanotubes using argon ions, but no detailed guidance or working 
examples of such nanopores are in the specification, and Rhee et al, published after the instant 
effective filing date, mentions use of synthetic nanopores for polynucleotide sequencing, but 
does not show success in sequencing polynucleotides using synthetic nanopores, or use of 
synthetic nanopores prior to the instant effective filing date. The applicants provide Exhibits A-F 
which are addressed in turn below: 

Exhibit A (Mansuripur) does not disclose the claimed devices in sufficient detail to 
enable the claimed devices. 
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Exhibit B (Thorsen et al.) is not prior art and therefore cannot serve to supplement what 
is missing in the instant specification to enable the claimed devices. Exhibit B does not disclose 
the claimed devices, and instead uses dye colored fluids in a micro fluidic device to store data. 

Exhibit C (Mansuripur et al.) is not prior art and therefore cannot serve to supplement 
what is missing in the instant specification to enable the claimed devices. Exhibit C shows on 
page 235 that 20 base sequences are not resolvable in their system. Exhibit C does not show 
reduction to practice of the claimed devices. 

Exhibit D (Skinner et al.) is not prior art and therefore cannot serve to supplement what is 
missing in the instant specification to enable the claimed devices. Exhibit D uses a studded 
polynucleotide read mechanism in figure 3 that is not described in the instant specification. 

Exhibits E and F (Mansuripur et al. and Khulbe et al.) appear to be identical. Exhibits E 
and F are not prior art and therefore cannot serve to supplement what is missing in the instant 
specification to enable the claimed devices. Exhibit F shows a read mechanism in figure 4 in 
which a polynucleotide consisting of 50 A's and 100 C's is resolved by a nanopore. The 
specification does not describe a read mechanism in which each datum is 50-100 bases long. 
Claim Rejections - 35 USC §102 

7. The following is a quotation of the appropriate paragraphs of 35 U.S. C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application lor patent in the United States. 

8. Claims 30-32, 34, and 38 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Lagally et al. 
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The claims are drawn to a microfluidic device that moves molecular material encoding 
binary data to different locations within the device. In some embodiments the device comprises 
pumps and valves. In some embodiments the device comprises an electrophoresis device. 

Lagally et al. shows in figure 1 a microfluidic device that comprises valves, pumps, and a 
capillary electrophoresis device. The device is used to amplify DNA by in situ PCR, followed by 
analysis of the DNA products by capillary electrophoresis within the device. Representative 
results of the analysis of the DNA produced in the reactions is shown in figure 2. Lagally et al. 
provides on pages 567-568 details of how the microfluidic device operates, including discussion 
of moving the DNA samples by pumping and use of valves. Regarding the limitation that the 
molecular material encoded binary data, the limitation is inherent in any DNA sequence of bases 
and does not provide a structural limitation that distinguishes from any base sequence in a 
polynucleotide. 

9. Applicant's arguments filed 07 October 2008 have been fully considered but they are not 
persuasive. The applicants state that Legally et al. does not show DNA encoded with binary data. 
The limitation in claim 30 that the molecular material is encode with binary data is an inherent 
property of any sequence of nucleotides in a polynucleotide and the rejection is maintained. 

Conclusion 

10. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
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the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to John S. Brusca whose telephone number is 571 272-0714. The 
examiner can normally be reached on M-F 8:30 AM - 5:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Marjorie A. Moran can be reached on 571-272-0720. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/John S. Brusca/ 
Primary Examiner 
Art Unit 1631 

jsb 
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